Although the questions of immunity induced by bacterial vaccines and of the type of vaccine best suited to the purpose have received a wealth of attention, renewed interest in this aspect of immunology has become manifest since the basic differences between smooth and rough bacterial strains have become recognized. That such qualities as smoothness and roughness are more than superficial and actually have a bearing upon immunizing potency is known, but curiously enough there is still lack of complete agreement as to which of the types is the more effective.
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That vaccines prepared from R strains of B. typhosus and B. paratyphosus fail to immunize guinea pigs against intraperitoneal infection with these organisms has been shown by Arkwright' , who also found that vaccines prepared from the S strains of the same organisms gave effective protection against the homologous infection.
Using the Rawlings type of B. typhosus, Grinnell7'reported that most of these strains are either of the rough or intermediate types, and that vaccines prepared from these rough types fail to immunize mice against the intraperitoneal injection of smooth, virulent B. typhosus cultures. Grinnell further showed that the smooth type not only had greater virulence for mice, but that vaccines of the smooth type were immunizing. Felix"'4 observed that the heatstable 0 antigen was necessary for the development of the bactericidal antibodies and he assumed the latter to be essential to immunity. This conclusion was modified by Springut'0, who, experimenting with an aertrycke infection in mice, stated that in order to immunize both the H and the 0 antigens were necessary. Ibraham and Shiutze8, also working with immunity to aertrycke infection in mice, found that the rough antigen alone was without effect, but that the presence of the H antigen increased the effectiveness of the 0 antigen, thus confirming the observation of Springut. Grinnell' showed that the injection of man with "smooth" vaccines stimulated the production of bactericidal antibodies. This was not the case when "rough" vaccines were used. This condusion is quite in accord with that of Topley11, who, in his studies based upon the epidemic method of infecting mice with B. aertrycke, found that "rough" vaccnes were not suitable for protective purposes. Torrey"2 discovered that vaccines prepared from smooth B. coli immunized mice against the homologous strain, but that rough vaccines were without effect.
All the above reports support the conclusion that vaccines prepared from rough variants of enteric organisms are without immunizing action. However, 'Maltaner' records results diametrically opposed to the above reports. He conduded that rough variants are not only satisfactory for prophylactic vaccination, but that "the rough vaccines protected distinctly better than the smooth." These conclusions were based on work involving the experimental carrier condition in rabbits, as described by Gay and Claypole5. Maltaner tested the ability of the vaccines to prevent the establishment of the carrier condition. He stated that the previous reports did not seem condusive because the animals employed did not develop a syndrome similar to that in typhoid fever. Maltaner felt that this syndrome was more closely approximated by the establishment of the carrier condition in the rabbit.
The rabbit is an animal resistant to B. typhosus, never being subject to the natural disease. The mouse, on the other hand, acquires B. aertrycke and B. enteritidis infections naturally, and the diseases resulting are quite similar to typhoid fever in man. Since Maltaner's work on rabbits, stressing the advisability of using rough cultures for the preparation of vaccines, was so completely at variance with previous reports, it was thought that the question was an open one and that another experiment on the same subject would not be out of place. It seemed that the relative values of R vaccines and S vaccines could be established by using a fully susceptible strain of mice known to be free from all enteric infection.*
The organism employed in these experiments, B. enteritidis 904 of the American Type Culture Collection, proved to be non-virulent for mice when administered by mouth. However, its virulence was susceptible to increase by serial passage through mice, and after such passage it was found that from 0.001 cc. to 0.05 cc. of a 12-hour broth culture dropped from a pipette into the mouth killed mice regularly within from six to ten days. This virulent culture was called 904V, while the non-virulent retained the label 904. The rough strain was obtained from 904V by the method of Arkwright and Pitt2. The strain (904V) was inoculated into a liquid medium consisting of homologous immune serum, nutrient broth, and sterile distilled water. The immune serum had been prepared in the rabbit by injection of a heat-killed culture of 904V. This immune serum agglutinated B. enteritidis 1:5120 and B. typhosus 1:1280. Daily platings were made from the inoculated liquid medium. A rough colony was first seen on the 20th day after inoculation. This was a more or less intermediate type, but it was fished and transferred to the immune serum medium. After incubation for ten days, plate cultures were made and again rough colonies were picked and cultured in the immune serum medium. This process was repeated several times, and the resulting R culture did not revert to the normal S type.
The R culture, designated as 904R, gave rough colonies on solid media, granular growth in broth, auto-agglutination in physiological saline, and typical sugar fermentations for B. enteritidis. Culture 904R was motile and, when given by mouth, non-virulent for mice. Three serial mouse passages, sixteen days in each mouse, did not cause a reversion to the smooth type. Rabbits immunized with 600 heat-killed 904R vaccine did not produce the 0 agglutinin, although the H agglutinin was present.
The relative virulences of the original 904 culture, of 904V, and of 904R were tested in the following manner, employing 150 mice, two months old, divided equally into three groups. The results are found in the following table. The immunizing values of vaccines made from 904R, 904, and 904V were determined by the use of vaccines killed with 50 per cent acetone. The superiority of such vaccines over heat-killed vaccines will be shown in a subsequent paper.
For the preparation of these vaccines cultures of 904R, 904, and 904V were each grown on yeast-extract (Savita) agar, pH 6.8, at 370 C. for 18 hours. The growths obtained were washed in physiological saline, centrifuged for two hours, and resuspended in sterile distilled water. At this point a quantity of each of the three strains was evaporated to dryness to determine the number of milligrams, dried weight, of organisms per cubic centimeter. Acetone to make a concentration of 50 per cent was added to the remainder of each suspension. These were allowed to stand at room temperature for one hour, with occasional shaking. After centrifuging, the vaccines were washed with sterile saline and then suspended in saline. The three vaccines were sterile. They were diluted so that each contained four milligrams per cubic centimeter dried weight of organisms.
Two hundred susceptible mice, two months old, were divided equally into four groups, three of these to be immunized with 904V, 904, and 904R acetone-killed vaccines. The fourth group served as a control.
The vaccines were administered intraperitoneally. Five injections of 0.01, 0.01, 0.02, 0.04, and 0.04 milligrams were made, with seven-day intervals between injections. Fourteen days after the last immunizing dose of vaccine each mouse was infected per os with 0.05 cc. of a 12-hour broth culture of B. enteritidis 904V. Plate counting showed this amount to contain 41 million organisms. It is relatively easy to infect mice by dropping a suitable amount of culture directly into the mouth. The results are shown in Table II . All animals surviving the virulent infecting dose of B. enteritidis for one month were killed, and the heart blood, spleen, and liver were cultured. Over half of the mice examined gave positive cultures for B. enteritidis, the spleen showing the greater portion of positive results. Positive B. enteritidis cultures were obtained from the surviving vaccinated, whether "smooth" or "rough" vaccines were used, as well as from the non-vaccinated surviving controls.
The difference in the immunity conferred by the virulent and the non-virulent "smooth" vaccines a difference expressed by the survival of four mice-was in favor of the non-virulent smooth strain, but such a difference was hardly sufficient to prove whether or not the virulence of the immunizing strain represented a significant factor. It was thought that this might be shown more dearly if a more highly virulent organism than the one used above was compared with the non-virulent strain. Therefore, the 904V culture was passed serially through ten mice. The spleen of the tenth mouse was cultured and from this a vaccine was prepared. A vaccine was also prepared from the original B. enteritidis 904 in the manner described above.
One hundred and fifty mice were used, fifty in each immunizing group and fifty controls. The vaccination procedure was as outlined above. The mice were infected with B. enteritidis 904V1 7, that is, with organisms obtained from the 17th serial passage mouse. The results are shown in Table III . These results indicate that acetone-killed vaccines of B. enteritidis are more effective when the cultures used in their preparation are the more virulent.
It cannot be claimed that the results here reported favoring "smooth-type" vaccines for protection of mice against enteritidis infection are of greater value than are the results reported by Maltaner showing that rough B. typhosus vaccines give better protection to rabbits against the typhoid carrier condition. It is evident that the rabbit and the mouse behave differently, but it is perhaps of significance to note that the mouse is a susceptible animal, being subject to natural enteritidis infection, that it contracts the disease in much the same manner as man contracts typhoid fever, that it shows agglutinins in the blood after recovery from infection, and that it is immune to reinfection. There may be, however, a fallacy in assuming that man's response to vaccination corresponds throughout with the response of any experimental animal. 2. A vaccine prepared in the same manner from smooth, nonvirulent B. enteritidis organisms also immunized, but less effectively than did that made from the smooth, virulent strain.
3. Vaccines prepared from the rough type of B. enteritidis were without effect as immunizing antigen. 4 . Immunization with either the rough or the smooth type of vaccine did not prevent the infecting organism from invading and establishing itself in the organs of the experimental animals.
